SUMMARY Data in animals indicate that large amounts of digitalis potentiate arterial baroreflexes and that this factor may be important for the cardiovascular effects of the drug. To determine if arterial baroreflex potentiation also exists after administration of therapeutic doses of digitalis in man, we studied how stimulation and deactivation of arterial baroreceptors by phenylephrine and nitroglycerin injection affect heart rate and how stimulation and deactivation of carotid baroreceptors by neck suction and pressure affects blood pressure and heart rate. The study was performed in 29 normotensive or hypertensive subjects before and after injection of Lanatoside C (0.8 mg i.v.). Baroreceptor stimulation reduced heart rate and blood pressure, while baroreceptor deactivation increased both of these variables. The bradycardic and hypotensive effect of baroreceptor stimulation increased significantly after digitalis both in normotensive and hypertensive subjects. However, the tachycardic and hypertensive responses to baroreceptor deactivation were not affected by digitalis. Thus, therapeutic doses of digitalis in man enhance baroreceptor reflexes, and both the heart rate and the blood pressure reflex effects are involved. However, the enhancement occurs to a marked degree only with baroreceptor stimulation and is not evident with baroreceptor deactivation.
EVIDENCE from experimental animals indicates that digitalis increases the effectiveness of the arterial baroreceptor reflexes and suggests that this may be important in the clinical action of the drug. First, administration of ouabain in anesthetized cats and dogs is followed by an increased firing of the aortic and the carotid baroreceptors." 2 Second, injection of acetylstrophantidin in anesthetized dogs increases the depressor response that can be obtained by stimulation of baroreceptors in isolated carotid sinus preparations.3', Third, the bradycardia induced by digitalis in unanesthetized dogs is evident when the baroreceptors are intact, but not after sinoaortic denervation. ' However, most of the studies we have mentioned have made use of doses of digitalis compounds that are greater (and often markedly so) than the doses used therapeutically. Most important, the only evidence on the effect of digitalis on baroreflexes in man are reports that digitalis may potentiate the bradycardia induced by baroreceptor stimulation,6 but perhaps only to a minor degree.7 The present study was undertaken to examine the effects of clinical doses of digitalis on human baroreceptor reflexes. We examined the reflex effects induced by baroreceptor stimulation and those resulting from baroreceptor deactivation below the existing stimulus. By using different techniques we studied both the heart rate and the blood pressure influences of the baroreflex. Our results demonstrate that digitalis has a major action on the cardiac and vascular component of the baroreflexes in man. However, this action is more complex than could be anticipated from the animal studies, as it occurs when baroreceptors are stimulated but not when they are deactivated.
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Methods
We studied 29 subjects of both sexes (mean age 41.6 ± 2.5 years, range 21-59 years) who were hospital inpatients with either normal blood pressure or with uncomplicated essential hypertension. None of the subjects had signs of myocardial failure and none had received antihypertensive or other cardiovascular drugs in the preceding 3 weeks. Each gave free consent to the study after its nature and purpose were explained.
Measurements
Pulsatile arterial blood pressure was measured by a catheter (1.7 mm o.d., 11 cm long) placed percutaneously into a brachial artery and connected to a strain-gauge transducer system with an optimal frequency response curve up to 20 Hz. Mean arterial pressure was obtained by electronic damping of the pulsatile signal and by integration of the pulsatile trace over consecutive periods of 10 seconds. An ECG trace (usually lead 2) was recorded throughout the study for calculation of the RR intervals. Heart rate was also continuously measured by a cardiotachometer, the signal for which was derived either from the R wave or from the pulse-pressure signal.
Methods for Studying Arterial Baroreflexes
Two methods were used to study arterial baroreceptor reflexes. In the first, which is currently used, i.v. phenylephrine and nitroglycerin are injected to increase and reduce arterial blood pressure, thus stimulating and deactivating all arterial baroreceptors and causing reflex increases and decreases in RR interval.8' 9 In our study we injected intravenously a bolus of 50-100 ,g of phenylephrine, which induced a progressive rise in systolic and diastolic pressures with a maximal increase of 20- We investigated subjects with normal cardiac function because the injection of phenylephrine caused similar increases in blood pressure before and after administration of digitalis in these patients, achieving comparable baroreceptor stimulation in the two conditions. In preliminary trials, this could not be obtained in patients with heart failure, in whom the phenylephrine injection caused blood pressure to increase less before than after digitalis, probably because in the former condition the heart had less ability to sustain an increased afterload.
Protocol
The study was made with the subjects in a supine position and began with the insertion of the arterial and the venous catheters, which was made under local anesthesia with 2% lidocaine. A 20-minute rest period was allowed to reduce possible emotional factors involved in the cannulation and to achieve satisfactory basal conditions. In 22 subjects arterial blood pressure was increased by phenylephrine and decreased by nitroglycerin, the two drugs being administered in a random order and with an interval of 10 minutes. Lanatoside C was subsequently injected intravenously at a dose of 0.8 mg, followed by an interval of 40-45 minutes to allow the drug to have its effects,'3 after which phenylephrine and nitroglycerin were administered at the same doses.
In a separate group of seven subjects, the 20-minute interval after the insertion of the catheters was followed by application of one positive and one negative neck pressure, performed in a random order and separated by a 10-minute interval. Lanatoside C, 0.8 mg, was then injected intravenously and, after an interval of 40-45 minutes, the positive and negative pressure applications were repeated at the same magnitude and with the same sequence as before.
Throughout the study pulsatile arterial pressure, mean arterial pressure, arterial pressure integrated over consecutive periods of 10 seconds, heart rate and ECG were continuously recorded on a Grass polygraph. The recording was made at low speed (50 mm/min), except during the administration of phenylephrine and nitroglycerin, when a high speed (100 mm/sec) of recording was used to allow precise calculation of systolic pressure values and RR intervals during the change in pressure induced by the drugs.
Data Analysis
The data from the injection of phenylephrine and nitroglycerin were analyzed as described by Smith et al. 8 and by Pickering et al. 9 Systolic pressure was measured during the increase or the decrease induced by phenylephrine and nitroglycerin, each value being related to the RR interval on the next cardiac cycle. Linear regression lines based on 12-17 values were obtained between these two variables, the regression coefficients (i.e., the slope of the regression lines) indicating sensitivity of the reflex. Only subjects in whom there was a close significant correlation (p < 0.01) between the changes in systolic blood pressure and in RR interval both before and after administration of digitalis were considered. This happened in 18 of the 22 subjects with phenylephrine and in 20 of the 22 subjects with nitroglycerin. This technique has given reproducible results in short-and long-term studies."-' Within each subject the regression coefficients obtained with either phenylephrine or nitroglycerin before and after administration of digitalis were compared by covariant analysis.?6 For the whole group, regression coefficients were compared by t test for paired observations.
The data obtained with the neck chamber were analyzed as previously described."1 12 Mean arterial pressure and RR intervals were calculated as follows. A control period was obtained by averaging the values occurring during the 30 seconds preceding the alterations in neck chamber pressure and an early response was considered which was the average of the values occurring between the fifth and the fifteenth second that followed the alterations in neck chamber pressure. A late or steady-state response was also considered by averaging the values of the last 30 seconds of the neck chamber pressure alterations. These two responses allowed us to take into account both the initial and the late and steady-state effects of the changes in carotid baroreceptor activity.", 12 Data from each individual were pooled to obtain mean and standard error values for the whole group of subjects. The t test for paired observation was used to evaluate effects of digitalis on the responses to stimulation and deactivation of carotid sinus baroreceptors. The early and the steady-state responses were analyzed separately. Values are mean ± SEM.
Results
Phenylephrine (18 subjects) These data are shown in As described in the previous section, administration of digitalis was followed by no change in basal arterial pressure and by an increase in basal RR interval (p < 0.005). There was no significant difference in the rate or magnitude of the fall in blood pressure induced by the same dose of nitroglycerin before and after digitalis. In contrast with the results with phenylephrine, however, the sensitivity of the baroreflex as estimated by nitroglycerin was not affected by -0.54 Data are expressed in each subject as linear relationships between fall in systolic pressure and shortening in RR interval induced by the injection of nitroglycerin, each systolic pressure value being related to the next Rlt interval value.
Abbreviations: MAP = mean arterial pressure; RR = RR interval; regr. coeff. = regression coefficient.
glycerin was 4.02, which did not differ significantly from the average value before digitalis.
Neck Chamber
The effects of digitalis on basal blood pressure and basal RR interval were similar to those previously described (no significant pressure change and a significant RR interval -lengthening).
In the control condition, reducing the tissue pressure outside the carotid sinuses (i.e., increasing carotid transmural pressure and stimulating carotid sinus baroreceptors) caused a clear-cut reduction in arterial blood pressure ( fig. 3) Several other aspects of our study should be discussed. First, our subjects showed widely different degrees of baroreceptor control of heart rate in the basal condition, consistent with their wide range of age and blood pressure. '4' 20, 21 Yet digitalis enhanced the heart rate response to baroreceptor stimulation to the same degree in the subjects with lesser and in those with greater baroreflex sensitivity. One of the conditions in which the baroreflex has a reduced sensitivity is heart failure,15' 21 which is often preceded and caused by hypertension.22 Therefore, the effect of digitalis on the baroreflex may operate in the clinical conditions in which digitalis is used.
Second, we found a lack of correlation between the extent of the bradycardia induced by digitalis and the increase in baroreflex sensitivity caused by the drug. This finding suggests that arterial baroreflex potentiation by digitalis is just one of the many factors responsible for the effect of digitalis on heart rate, the others being the well-known influence of digitalis on cardiovagal centers and vagal nerve terminals '7 and 
